Introduction {#Sec1}
============

*Paenibacillus polymyxa* is one of the most development potential strains of the genus *Bacillus*. And reports on its application in various aspects are increasing at home and abroad, mainly focusing on biological nitrogen fixation, promoting plant growth, developing new antibiotics and preventing plant diseases. It is a worthwhile biomaterial to develop (Ji et al. [@CR19]; Gao et al. [@CR11]; Finch et al. [@CR10]; Yang et al. [@CR59]; Midhuna et al. [@CR32]). The industrial development and production of *Paenibacillus polymyxa* has become a hotspot due to its great potential. However, some problems exist, such as the quality of bacteria is difficult to be guaranteed when the bacteria are stored and activated; most of the medium composition of beef extract, yeast extract, peptone and other expensive raw materials, or the use of pre-processing more complex PDB medium etc. (Ding et al. [@CR9]), which restricts the large-scale industrial production. The traditional large-scale production process of microorganisms is as follows: preservation of bacteria species, activation culture of slant bacteria species, expansion culture of shake flask, liquid fermentation of fermentation tank, pilot scale amplification culture. How to obtain the conditions of fermentation with high activity and high quantity of living bacteria is the key to production. A large number of researchers have conducted studies on the application for large-scale culture of *Bacillus*, it provides a useful reference for the large-scale fermentation and cultivation of *Paenibacillus polymyxa* (Ghasemi and Ahmadzadeh [@CR13]; Prabakaran and Hoti [@CR40]; Prabakaran and Balaraman [@CR39]). Thus, how to improve the number of effective living bacteria and the quality of the bacteria and promote its proliferation by optimizing the C source and N source culture methods of *Paenibacillus polymyxa*, it is the most important thing to discuss the large-scale cultivation of *Paenibacillus polymyxa* in the future. It has practical guidance value and theoretical significance.

Studies have shown that trace elements are indispensable energy substances for the growth and reproduction of microorganisms, it's part of a multiple enzyme activity center, by regulating the active substances in microorganisms and the activity can be enhanced (Memoli et al. [@CR30]). With the promotion of fungicides and bacterial fertilizers in recent years, the demand for probiotics is also increasing. Trace elements are essential for the growth of microorganisms and an important component of bacteria (Blamey et al. [@CR3]), different types and amounts of trace elements can also cause differences in microbial growth and development. Studies have found that different types of trace elements, different concentrations of the same trace elements, and combinations of different trace elements can affect the proliferation of *Bacillus* (He et al. [@CR17]; Mahmood [@CR29]; Ruming et al. [@CR44]; Raza et al. [@CR42]; Nagano et al. [@CR34]).

In recent years, the beneficial bacteria in biological control show certain advantages in controlling plant diseases (Lazarovits et al. [@CR24]; Sharifazizi et al. [@CR46]; Schnider et al. [@CR45]; Sharma et al. [@CR47]; Park et al. [@CR36]; Siahmoshteh et al. [@CR48]). *Bacillus* mainly by competing with surrounding pathogenic nutrients, successfully colonizing in plants, rhizosphere, or self-secreting antibacterial active substances to prevent diseases (Chinheya et al. [@CR5]; Mercado-Flores et al. [@CR31]; Cheng et al. [@CR4]; Gowtham et al. [@CR14]; Touré et al. [@CR52]). The addition of trace elements can significantly affect the ability of microorganisms to prevent disease and promote growth (Zhang et al. [@CR61]; Tabbene et al. [@CR50]; Akladious and Mohamed [@CR1]). Therefore, the effect of the mass concentration of four trace elements on the prevention, promotion and colonization of *Paenibacillus polymyxa* Pp-7250 were determined by field experiments. Moreover, the main bacterial species of ginseng rhizosphere soil were identified by 16s rDNA gene sequence and BLAST comparison. It was of great significance to the improvement of ginseng soil, the excavation of beneficial microorganisms, and the development and utilization of ginseng-specific biocontrol agents.

Materials and methods {#Sec2}
=====================

Cultivation of *Paenibacillus polymyxa* Pp-7250 {#Sec3}
-----------------------------------------------

*Paenibacillus polymyxa* Pp-7250 (Pp-7250) was an endophyte of ginseng and isolated from our laboratory. Preserved in the General Microbiological Center of the China Microbial Culture Collection Management Committee, Preservation number CGMCC: No. 7250. The Pp-7250 was underlined on the PDA medium with the inoculation ring, after 24 h, the single colony of Pp-7250 was moved to a conical flask with 100 mL PDB medium. To cultivate 24 h in reciprocating shaker with 28 °C, 140 r/min. The Pp-7250 culture was sterilized and saved for backup.

Effects of single trace elements and trace elements compound on Pp-7250 {#Sec4}
-----------------------------------------------------------------------

The influences of trace elements on microorganism are various, and the effects of single trace elements and trace elements compound on microorganism are different. The aim of this study is to find the concentrations of trace elements, trace elements and their combinations suitable for the growth of *Paenibacillus polymyxa* (Li and Ma [@CR25]; Trchounian et al. [@CR53]; Ropek and Para [@CR43]; Gupta et al. [@CR15]). Under aseptic conditions, the PDB medium containing 5 mL different mass concentration of Cu^2+^, Fe^2+^, Mn^2+^, and Zn^2+^ was added to each sterilized test tube (Table [1](#Tab1){ref-type="table"}). Each concentration treatment was set at 3 repetitions. Each test tube was inoculated with 0.05 mL of activated *Paenibacillus polymyxa* with an OD~600~ value of 0.5, incubated at a constant temperature of 120 r/min at 28 °C. The OD~600~ values were determined by sampling at 0, 12, 24, 36, 48, 60, 72, 84, 96, 108 and 120 h.Table 1Screening of the concentrations of four single trace elements and orthogonal table of trace elements concentration compoundsTrace elements (mg/L)12345678Concentration of Cu^2+^, Fe^2+^, Mn^2+^ and Zn^2+^ Cu^2+^010305010050025005000 Fe^2+^010305010050025005000 Mn^2+^010305010050025005000 Zn^2+^0501005001000200030004000Test numberCu^2+^ (A)Fe^2+^ (B)Zn^2+^ (C)Mn^2+^ (D)Factors and levels of orthogonal test 110305030 2105010050 310100150100 43030100100 5305015030 6301005050 7503015050 8505050100 95010010030

This article used 4 factors and 3 levels of L9 (34) orthogonal table, Cu^2+^, Fe^2+^, Mn^2+^, Zn^2+^ mass concentration as the 4 factors, see Table [1](#Tab1){ref-type="table"}.

Effects of different C source N source types and concentration on the number of viable bacteria and spore number of Pp-7250 {#Sec5}
---------------------------------------------------------------------------------------------------------------------------

Suitable culture conditions affect the activity of microorganisms. The aim of this experiment is to find the optimum medium for the growth of *Paenibacillus polymyxa* (Mosquera et al. [@CR33]; Jeong et al. [@CR18]; Prakasham et al. [@CR41]; Wang et al. [@CR55]; Jia et al. [@CR20]; Odeniyi and Adeola [@CR35]). Based on the PDB culture medium, different C sources (wheat starch, potato starch, sweet potato starch, corn starch, flour) were selected, respectively made into culture medium containing 5 g/L C source. The bacterial suspension was inoculated into the medium with 5% inoculation, the living bacteria and their spores were sampled and measured at 28 °C and 140 r/min cultivation conditions for 48 h. Repeated 3×. Based on the determination of the best C source species, the effects of different C source addition amounts (3 g/L, 4 g/L, 5 g/L, 6 g/L, 7 g/L) on the living bacteria and spores of *Paenibacillus polymyxa* were investigated. Different N sources (soybean, peptone, soybean meal, yeast powder, and urea) were selected to make a single nitrogen source medium. Based on the determination of the best N source species, the effects of different N source addition amounts (2 g/L, 4 g/L, 6 g/L, 8 g/L, 10 g/L) on the living bacteria and spores of *Paenibacillus polymyxa* were investigated. According to the number of viable bacteria and the number of spores, the optimum carbon nitrogen source culture medium and the optimum amount of addition were determined. In order to ensure that it can be used well in actual production, it is necessary to determine the effect of preservation time on the number of living bacteria in pp-7250. A total of 5 treatments were set up (Cu^2+^ + wheat soyabean meal, Fe^2+^ + wheat soyabean meal, Zn^2+^ + wheat soyabean meal, Mn^2+^ + wheat soyabean meal, four trace elements compound + wheat soyabean meal) in this trial. The control group were wheat starch group, soybean meal group, wheat + soybean meal group, flour group and PDB group. Stored at room temperature and pressure, the number of Pp-7250 living bacteria in the above conditions was detected every 7 days for a total of 3 months.

Effects of four trace elements on the biocontrol of Pp-7250 {#Sec6}
-----------------------------------------------------------

First, the bacteriostatic effect of *Paenibacillus polymyxa* was explored. A total of ten treatments were set up. The control group (CK, without bacteria solution) was wheat starch group, soybean meal group, wheat plus soybean meal group, flour group, PDB group; the treatment group consisted of four trace elements compound + wheat soybean meal group, Cu^2+^ + wheat soybean meal group, Fe^2+^ + wheat soybean meal group, Mn^2+^ + wheat soybean meal group, and Zn^2+^ + wheat soybean meal group. Pipetted 20 μL of the pathogenic bacteria cultured for 12 h with a pipette and coated with a flat plate, fully coated with a sterile coating stick. Three sterilized filter paper (d = 8 mm) were placed in each petri dishes. Each filter paper was fully immersed in different treatment groups of *Paenibacillus polymyxa* for 10 min, and then put into the bacteria-coated plate. The plates coated with the bacteria solution were inverted in a constant temperature incubator and incubated at 28 °C for 24 h. The diameter of each pathogenic bacterial colony was measured by cross-crossing method, and the antibacterial rate was calculated by averaging. Bacteriostatic rate = (control group diameter of inhibition zone-treatment group inhibition zone diameter)/control group diameter of inhibition zone × 100%. At the same time, we conducted field trials. A total of 6 treatments were set for the test: The control group (CK, no bacteria solution) was PDB control group, four trace elements +PDB control group and clear water control group. The treatment group was composed of four trace elements compound +PDB group, four trace elements compound + wheat soybean meal group and PDB group. The bacterial suspension of OD~600 ~= 0.5 was inoculated into the medium with 5% inoculation. This experiment was conducted in Jingyu County, Jilin Province to carry out the field validation test on the activity of *Paenibacillus polymyxa*. Before this trial, ginseng had been continuously planted in the experimental field for many years. The spraying method was stem and leaf spray, and protective row was set between treatments. The area of the control area and the treatment area were 3.33 m^2^, and the randomized block grouping was used for the test. The concentration of bacterium of 10^7^ CFU/mL was used for all plot treatments, 1×/month and 5× in total. Leaf and the growth of plants in each treatment group were observed. Five points were randomly selected in each treatment plot, a total of 10 ginseng strains were randomly selected. The plant height, stem diameter, leaf width, leaf length, petiole length, stem and leaf total dry weight and fresh weight were measured. The specific root weight of ginseng root samples were analyzed. The vertical height was measured from the base of plant stem to the highest point of new leaf and the average value was the plant height. The transverse widest part of the first blade was measured by a ruler, that was, the blade width. Stem diameter was measured with a vernier caliper, with a position of 2 cm above the first leaf blade. The whole root of ginseng was weighed by electronic balance. Then put it on the coordinate paper to measure the total length and calculate its specific root weight (root weight/root length).

Determination of ginsenoside content {#Sec7}
------------------------------------

We accurately weighed 0.5 g of ginseng root and leaf samples from different treatment groups in a 10 mL centrifuge tube (PDB control group (no bacteria solution); four trace elements + PDB control group; clear water control group; four trace elements compound + PDB group; four trace elements compound + wheat soybean meal group and PDB group), added 5.0 mL chromatography methanol solution, sealed, extracted ultrasonically for 45 min, let stand overnight, then sonicated for 45 min, centrifuged, took the supernatant, filtered with 0.45 μm filter, spared. The chromatographic conditions referred to the method for simultaneous determination of 20 ginsenosides established in our laboratory (Yang et al. [@CR58]).

Effects of four trace elements on Pp-7250 colonization and rhizosphere bacterial community {#Sec8}
------------------------------------------------------------------------------------------

Soil microflora is mainly represented by the number of microorganisms (bacteria, fungi and actinomycetes) in the soil. The composition of soil microorganism is closely related to the obstacle of continuous cropping, drought resistance, biological stress and salt stress (Bai et al. [@CR2]; Cui et al. [@CR8]). The successful application of *Bacillus* depends on its ecological interaction between soil and rhizosphere microorganisms (compatibility, symbiosis, antibiotic, competition, etc.) (Ge et al. [@CR12]; Piromyou et al. [@CR38]). Therefore, the interactions between *Bacillus* and rhizosphere bacteria, fungi and actinomycetes are discussed, and the changing rules of their microbial community composition in the rhizosphere are cleared, which has important guiding significance for the construction of plant healthy rhizosphere microflora. First we collected the soil samples. Rhizosphere soil samples were collected from control group and treatment group respectively, ten plants were randomly selected from each plot, and each plant was surrounded by ginseng roots by a five point sampling method. Within the range of 25 cm around the root, 0--20 cm deep soil was collected, and five points were taken and combined into one part. Each soil was sieved to remove impurities, and mixed in equal amounts. Stored at 4 °C for microbial counting. Secondly, the colonization of Pp-7250 in ginseng roots, stems leaves and soil was determined. After the root, stem and leaf of the ginseng were collected and cleaned with tap water, 0.5 g was taken and fully grinding in 5 mL 0.85% NaCl. The supernatant 1 mL was taken and diluted by 10-fold dilution method. The 10^−7^ concentration of bacterial suspension 100 μL was used to coat the solid plate, and incubated in a constant temperature incubator at 28 °C for 1 to 3 days. The number of colonies on the plate was observed and counted. Repeated 3×. The weight of soil wet was 0.5 g, and 5 mL of sterile water was added, shaking at 28 °C for 30 min, After dilution by 10-fold dilution method, the 10^−7^ concentration of bacterial suspension 100 μL was used to coat the solid plate, and incubated in a constant temperature incubator at 28 °C for 1--3 days. The number of colonies on the plate was observed and counted. Repeated 3×. Soil samples were taken to determine the colonization of Pp-7250 in soil. And the number of bacteria in each soil sample was determined by solid plate method. The weight of soil wet was 0.5 g, and 5 mL of sterile water was added, the 10^−7^ concentration of bacterial suspension 100 μL was used to coat the solid plate, and each bacterium was compared with the same amount of sterilized distilled water. The number and morphology of colonies were observed and calculated. The strains with different colony morphology were purified by plate streaking, placed in an incubator at 28 °C. After the inverted culture 1--3 days observation, the colony morphology was recorded and observed under the microscope. After purification, they were transferred to the corresponding slope for preservation and according to their morphological characteristics for the naming and classification. The soil bacteria and fungal DNA were extracted using the bacterial and fungal DNA extraction kits produced by Solarbio company, and the extracted DNA was purified and stored at − 20 °C. PCR amplification of 16s rRNA from soil bacteria and fungi was carried out by using 1492R and 27F common bacterial primers synthesized by dalian baobao biotechnology co., LTD. The PCR products were detected by 1% agarose gel electrophoresis and observed the presence of specific target bands. Then the PCR product was sent to Shanghai Shenggong Biological Engineering Technology Service Co., Ltd. for sequencing. In NCBI database, the sequence was analyzed by BLAST comparison, and the strain with the highest similarity was identified, and the biological classification status of each strain was determined.

Statistical analysis {#Sec9}
--------------------

Sorting out data with Excel; SPSS19.0 was used for statistical analysis of the collected data.

Results {#Sec10}
=======

Effect of four trace elements on multiplication of Pp-7250 {#Sec11}
----------------------------------------------------------

Trace elements have a certain promoting effect on the growth of *Paenibacillus polymyxa*, but it has a big relationship with its concentration. With the increase of the concentration of trace elements, its effect begins to increase. But its effect is weakened after reaching certain concentration.

This study found that the concentration of Cu^2+^ at 10--50 mg/L all had the effect of promoting Pp-7250 multiplication (*P* \< 0.05). Its optimal mass concentration was 30 mg/L. However, when the concentration of Cu^2+^ exceeded 100 mg/L, its multiplication was inhibited; The concentration of Fe^2+^ at 10--100 mg/L all had the effect of promoting Pp-7250 multiplication (*P *\< 0.05). Its optimal mass concentration was 50 mg/L. However, when the concentration of Fe^2+^ exceeded 500 mg/L, its proliferation was inhibited; The concentration of Mn^2+^ at 10--50 mg/L all had the effect of promoting Pp-7250 multiplication (*P *\< 0.05). Its optimal mass concentration was 50 mg/L. However, when the concentration of Mn^2+^ exceeded 500 mg/L, its multiplication was inhibited; The concentration of Zn^2+^ at 50--100 mg/L all had the effect of promoting Pp-7250 multiplication (*P *\< 0.05). Its optimal mass concentration was 100 mg/L. However, when the concentration of Zn^2+^ exceeded 500 mg/L, its multiplication was inhibited (Fig. [1](#Fig1){ref-type="fig"}).Fig. 1**a**--**d** The effects of Cu^2+^, Fe^2+^, Mn^2+^ and Zn^2+^ on the proliferation of Pp-7250. Take Zn^2+^ as an example. When the concentration of Zn^2+^ was 50--100 mg/L, compared with the control group, the delayed period of Pp-7250 multiplication was shortened, and the logarithmic phase was advanced; When the concentration of Zn^2+^ was 100 mg/L, the promotion of Pp-7250 was the strongest, the delayed period was shortened by 12 h, and the logarithmic stage was about 24 h in advance; The appropriate concentration of Zn^2+^ had a certain promoting effect on Pp-7250. However, when the Zn^2+^ concentration was greater than 500 mg/L, there was a certain inhibitory effect on the proliferation of Pp-7250, as the concentration increasing, the inhibitory effect increased

The single-factor experiment results found that the single trace element significantly promoted or inhibited the multiplication of Pp-7250. The concentration range of trace elements suitable for Pp-7250 multiplication was selected for orthogonal experiment. The experimental results and the variance analysis were shown in Table [2](#Tab2){ref-type="table"}.Table 2Optimal concentration combinations of four trace elements affecting the proliferation of *Paenibacillus polymyxa* Pp-7250Test numberCu^2+^ (A)Fe^2+^ (B)Zn^2+^ (C)Mn^2+^ (D)OD~600~ 60 hResults of the orthogonal experiment 111110.9379 212221.0552 313330.7374 421230.6545 522310.6614 623121.2293 731320.7192 832130.8526 933210.9106 T12.73052.31163.01982.50997.7581 T22.54522.56922.62033.0037 T32.48242.87732.11802.2445 The average k10.91020.77051.00660.8366 k20.84840.85640.87341.0012 k30.82750.95910.70600.7482 R value0.08270.18860.30060.2530SS*df*MSFF~0.05(2,2)~SignificantVariance analysis A0.011120.005656.000019.0000\* B0.053420.0267267.0000\*\* C0.136120.0681681.0000\*\*\*\* D0.098920.0495495.0000\*\*\* Error0.00012

From Table [2](#Tab2){ref-type="table"}, the order of the trace elements affecting Pp-7250 multiplication is: Zn^2+^ \> Mn^2+^ \> Fe^2+^ \> Cu^2+^. The experimental results show that the two factors of Zn^2+^ and Mn^2+^ have a significant effect on the multiplication. The optimum fermentation process of Pp-7250 is A1B3C1D2. That is, the mass concentration of Cu^2+^ is 30 mg/L, the mass concentration of Fe^2+^ is 100 mg/L, the mass concentration of Zn^2+^ is 50 mg/L, and the mass concentration of Mn^2+^ is 50 mg/L. It can be seen from the analysis of variance in Table [2](#Tab2){ref-type="table"} that Zn^2+^ has the most significant effect on the multiplication of Pp-7250, followed by Mn^2+^, Fe^2+^ and Cu^2+^. This result is consistent with the result of the extreme analysis of the orthogonal experiment results. Therefore, the optimal combination for promoting Pp-7250 multiplication is: 30 mg/L Cu^2+^, 100 mg/L Fe^2+^, 50 mg/L Zn^2+^ and 50 mg/L Mn^2+^.

Optimization of C source and N source conditions for large-scale culture of *Paenibacillus polymyxa* Pp-7250 {#Sec12}
------------------------------------------------------------------------------------------------------------

The single factor studies was conducted on the types and concentrations of different carbon sources, types and concentrations of nitrogen sources. The optimum medium composition for the large-scale culture of Pp-7250 strain was: glucose 20 g/L, wheat starch 6 g/L, and soybean meal 4 g/L (Fig. [2](#Fig2){ref-type="fig"}). In this experiment, the conditions for preservation were selected at normal temperature and pressure, which was consistent with the condition in practical application. The effect of the mass concentration of four trace elements on the number of living bacteria in the storage of Pp-7250 at room temperature indicated that Cu^2+^, Fe^2+^, Mn^2+^ and Zn^2+^ could significantly increase the number of living bacteria of Pp-7250 (*P *\<0.05). Among them, Zn^2+^ had the best promoting effect, which increased by more than 68% compared with the PDB control group. The combination of four trace elements was better than single trace elements in promoting the number of living bacteria of Pp-7250 (*P *\<0.05). The number of living bacteria in the four trace elements compound + wheat soybean meal group remained above 10^7^ CFU/mL in the 8 week. Because some bacteria adapted to the preservation environment in the process of storage, the mortality of the bacteria tended to be stable after 11 weeks, and some of the bacteria could still survive (Fig. [2](#Fig2){ref-type="fig"}).Fig. 2The best C and N source types, concentration screening and the effect of different preservation time on the number of living bacteria of Pp-7250. a, *Mucor* sp.; b, *Fusarium* sp.; c, *Geotrichum candidum*; d, *Pseudomonas*

Effect of four trace elements on Pp-7250 biocontrol {#Sec13}
---------------------------------------------------

The effects of four trace elements compound on the inhibition of *Mucor*, *Fusarium*, *Geotrichum*, *Pseudomonas* by *Paenibacillus polymyxa* have been shown in the figure, and the results are consistent. Compared with other single trace elements, Zn^2+^ had the best antimicrobial activity against four kinds of pathogenic bacteria at the optimum concentration. The antimicrobial activity of four trace elements compound was better than single trace elements. In general, the effects of trace elements compound are more significant (Fig. [3](#Fig3){ref-type="fig"}). At present, scholars at home and abroad generally believe that the plant height, stem diameter and leaf width of ginseng are directly related to the yield and quality of ginseng. The plant height represents the quality of the plant, the stem diameter is related to the stability of the plant quality, and the leaf width directly reflects the effect of photosynthesis on the plant. This study showed that the combination of four trace elements plus wheat soybean meal had the best effect on promoting growth of ginseng leaves, and the fresh weight of single stem and leaf increased by 29.61% compared with the PDB control group. The dry weight of single stem and leaf increased by 55.40%. The petiole length increased by 26.79%; leaf length increased by 24.98%; leaf width increased by 26.87%; stem diameter increased by 31.40% (*P *\<0.05). The specific root weight is the ratio of root weight to root length. A high specific root weight indicates that the crop has strong resistance. On the contrary, the lower the root weight, the more sensitive the plant is. Therefore, specific root weight is an important index to measure the quality of crop growth. This study showed that the combination of four trace elements plus wheat soybean meal had the best effect on root growth of ginseng, and the fresh weight of the single root increased by 57.15% compared with the PDB group. The dry weight of single root of ginseng increased by 29.70%. The fruit rate of ginseng increased by 21.62% and the height of ginseng plant increased by 44.32%. The crude root of ginseng increased by 25.69%, the fresh root length of ginseng increased by 20.12%, and the specific root weight of ginseng increased by 26.52% (*P *\<0.05) (Fig. [4](#Fig4){ref-type="fig"}).Fig. 3Effects of four trace elements on the antibacterial activity of Pp-7250. a, *Muco*r sp.; b, *Fusarium* sp.; c, *Geotrichum candidum*; d, *Pseudomonas* Fig. 4Effects of different treatment groups on leaf growth potential, plant height, fruiting rate and root growth of ginseng

Effect of different treatment groups on the content of ginseng roots and leaf saponins transformed by *Paenibacillus polymyxa* {#Sec14}
------------------------------------------------------------------------------------------------------------------------------

As shown in the figure and table, the four trace elements in the transformation system could significantly increase the content of ginseng roots and leaf saponin transformed by *Paenibacillus polymyxa.* The effects of four kinds of trace elements compound with wheat soybean meal group were significantly better than those of PDB group and four kinds of trace elements +PDB control group (without bacteria solution) (*P *\<0.05). Compared with the PDB group, the content of ginseng root saponins Rg1, Re, Rg2, Rc, Rb2, Rb3, Rd and 20 kinds of ginsenoside addition and value increased significantly in the four kinds of trace elements compound + wheat soybean meal group (*P* \< 0.05); the content of ginseng leaf saponins Rg1, Rb1, F1, Protopanaxatriol, CK and 20 kinds of ginsenoside addition and value also increased significantly in the four kinds of trace elements compound + wheat soybean meal group (*P *\< *0.05*) (Fig. [5](#Fig5){ref-type="fig"}) (Table [3](#Tab3){ref-type="table"}).Fig. 5Mixed standard and ginseng root and leaf samples HPLC chromatogram. 1--20 are ginsenoside Rg1, Re, Rf, Rb1, Rg2, Rc, Rh1, Rb2, Rb3, F1, Rd, Rk3, F2, Rh4, Rg3, Protopanaxatriol, Compound K, Rg5, Rh2, Protopanaxadiol. A, Clear water control group; B, PDB group; C, PDB control group (without bacteria solution); D, Four kinds of trace elements + PDB control group (without bacterial liquid); E, Four kinds of trace element compound + PDB Group; F, Four kinds of trace elements compound + wheat soybean meal group Table 3Changes of the content of ginseng root and leaf saponins transformed by *Paenibacillus polymyxa* under different treatment groupsABCDEFContent of ginseng root saponins transformed by *Paenibacillus polymyxa* under different treatment groups Rg10.2738 ± 0.0667^a^0.3433 ± 0.0263^ab^0.2951 ± 0.0719^ab^0.2758 ± 0.0467^a^0.4068 ± 0.0977^bc^0.5078 ± 0.1303^c^ Re0.2016 ± 0.0831^a^0.3552 ± 0.0507^ab^0.2973 ± 0.0686^a^0.2836 ± 0.0759^a^0.4868 ± 0.1206^bc^0.5710 ± 0.2180^c^ Rf0.0621 ± 0.0040^a^0.0856 ± 0.0205^ab^0.0704 ± 0.0163^a^0.0654 ± 0.0130^a^0.0991 ± 0.0152^ab^0.1189 ± 0.0597^b^ Rb10.2052 ± 0.0387^a^0.3301 ± 0.0715^abc^0.2559 ± 0.0491^a^0.2753 ± 0.0317^ab^0.4040 ± 0.0461^bc^0.4218 ± 0.1877^c^ Rg20.0213 ± 0.0149^a^0.0353 ± 0.0093^ab^0.0207 ± 0.0177^a^0.0258 ± 0.0050^a^0.0517 ± 0.0178^bc^0.0679 ± 0.0114^c^ Rc0.0646 ± 0.0124^a^0.0828 ± 0.0092^a^0.0760 ± 0.0321^a^0.0737 ± 0.0136^a^0.1162 ± 0.0278^b^0.1469 ± 0.0265^b^ Rh1NDNDNDNDNDND Rb20.1013 ± 0.0542^a^0.1684 ± 0.0434^a^0.1463 ± 0.0679^a^0.1549 ± 0.0312^a^0.2563 ± 0.0231^b^0.3452 ± 0.0493^c^ Rb30.0154 ± 0.0066^a^0.0254 ± 0.0075^a^0.0183 ± 0.0031^a^0.0198 ± 0.0021^a^0.0383 ± 0.0036^b^0.0440 ± 0.0156^b^ F1NDNDNDNDNDND Rd0.1255 ± 0.0183^ab^0.1385 ± 0.0108^ab^0.1219 ± 0.0195^a^0.1229 ± 0.0109^a^0.1492 ± 0.0187^bc^0.1653 ± 0.0113^c^ Rk3NDNDNDNDNDND F2NDNDNDNDNDND Rh40.0012 ± 0.0002^a^0.0020 ± 0.0012^a^0.0016 ± 0.0003^a^0.0030 ± 0.0022^a^0.0020 ± 0.0012^a^0.0026 ± 0.0028^a^ Rg30.0035 ± 0.0010^a^0.0089 ± 0.0037^a^0.0074 ± 0.0025^a^0.0078 ± 0.0036^a^0.0065 ± 0.0030^a^0.0073 ± 0.0048^a^ Protopan axatriol0.0054 ± 0.0027a0.0059 ± 0.0040^a^0.0048 ± 0.0033^a^0.0046 ± 0.0035^a^0.0048 ± 0.0021^a^0.0055 ± 0.0040^a^ CK0.0039 ± 0.0024^a^0.0044 ± 0.034^ab^0.0046 ± 0.0023^ab^0.0054 ± 0.0031^ab^0.0061 ± 0.0020^ab^0.0105 ± 0.0074^b^ Rg50.0087 ± 0.0032^a^0.0182 ± 0.0190^ab^0.0210 ± 0.0206^ab^0.0222 ± 0.0167^ab^0.0276 ± 0.0184^ab^0.0413 ± 0.0139^b^ Rh20.0045 ± 0.0026^a^0.0055 ± 0.0038^a^0.0057 ± 0.0043^a^0.0055 ± 0.0040^a^0.0096 ± 0.0084^ab^0.0143 ± 0.0011^b^ Protopan axadiol0.0037 ± 0.0046^a^0.0070 ± 0.0048^ab^0.0057 ± 0.0055^ab^0.0050 ± 0.0046^a^0.0056 ± 0.0049^ab^0.0140 ± 0.0078^b^ Total saponins1.1014 ± 0.1430^a^1.6163 ± 0.1034^b^1.3523 ± 0.1414^a^1.3506 ± 0.0981^a^2.0704 ± 0.1986^c^2.4842 ± 0.2698^d^Content of ginseng leaf saponins transformed by *Paenibacillus polymyxa* under different treatment groups Rg10.1973 ± 0.0523^a^0.2807 ± 0.0310^ab^0.2299 ± 0.0437^ab^0.2782 ± 0.0615^ab^0.3280 ± 0.0989^bc^0.3963 ± 0.0403^c^ Re0.2346 ± 0.1960^a^0.5740 ± 0.2654^abc^0.4246 ± 0.2002^ab^0.4916 ± 0.3641^ab^0.7432 ± 0.1534^bc^0.8904 ± 0.1488^c^ Rf0.0664 ± 0.0117^a^0.1052 ± 0.0222^b^0.0566 ± 0.0320^a^0.0613 ± 0.0093^a^0.1187 ± 0.0123^b^0.1234 ± 0.0240^b^ Rb10.1287 ± 0.0547^a^0.1307 ± 0.0297^a^0.1332 ± 0.0128^a^0.1328 ± 0.0182^a^0.1667 ± 0.0152^ab^0.1846 ± 0.0291^b^ Rg20.0613 ± 0.0393^a^0.0881 ± 0.0295^ab^0.0710 ± 0.0289^a^0.0679 ± 0.0145^a^0.0966 ± 0.0649^b^0.1048 ± 0.0174^b^ Rc0.0581 ± 0.0247^a^0.0686 ± 0.0351^ab^0.0511 ± 0.0419^a^0.0454 ± 0.0556^a^0.0806 ± 0.0343^b^0.0917 ± 0.0104^b^ Rh1NDNDNDNDNDND Rb20.0764 ± 0.0447^a^0.1417 ± 0.0212^bc^0.0960 ± 0.0222^ab^0.1034 ± 0.0260^ab^0.1664 ± 0.0449^c^0.1779 ± 0.0331^c^ Rb3NDNDNDNDNDND F10.0178 ± 0.0020^a^0.0299 ± 0.0077^ab^0.0227 ± 0.0026^ab^0.0258 ± 0.0057^ab^0.0301 ± 0.0042^b^0.0584 ± 0.0801^c^ Rd0.1237 ± 0.0382^ab^0.1440 ± 0.0483^b^0.1112 ± 0.0494^a^0.1218 ± 0.0226^a^0.1408 ± 0.0366^b^0.1588 ± 0.0292^b^ Rk3NDNDNDNDNDND F20.0017 ± 0.0010^a^0.0025 ± 0.0005^a^0.0026 ± 0.0011^a^0.0020 ± 0.0008^a^0.0029 ± 0.0005^a^0.0031 ± 0.0016^a^ Rh4NDNDNDNDNDND Rg30.0049 ± 0.0005^a^0.0073 ± 0.0025^bc^0.0064 ± 0.0015^ab^0.0067 ± 0.0006^ab^0.0080 ± 0.0013^bc^0.0093 ± 0.0012^c^ Protopan axatriol0.0014 ± 0.0002^a^0.0039 ± 0.0011^ab^0.0025 ± 0.0007^ab^0.0034 ± 0.0013^ab^0.0046 ± 0.0019^b^0.0075 ± 0.0033^c^ CK0.0019 ± 0.0019^a^0.0035 ± 0.0046^a^0.0025 ± 0.0010^a^0.0027 ± 0.0013^a^0.0032 ± 0.0024^a^0.0076 ± 0.0035^b^ Rg50.0008 ± 0.0006^a^0.0009 ± 0.0006^a^0.0009 ± 0.0005^a^0.0010 ± 0.0004^a^0.0011 ± 0.0006^a^0.0014 ± 0.0007^a^ Rg50.0050 ± 0.0035^a^0.0062 ± 0.0017^a^0.0053 ± 0.0021^a^0.0053 ± 0.0014^a^0.0064 ± 0.0025^a^0.0083 ± 0.0018^a^ Protopan axadiol0.0037 ± 0.0006^a^0.0045 ± 0.0022^a^0.0036 ± 0.0026^a^0.0041 ± 0.0012^a^0.0054 ± 0.0017^a^0.0088 ± 0.0067^a^ Total saponins0.9836 ± 0.0606^a^1.5915 ± 0.0532^b^1.2200 ± 0.0675^ab^1.3532 ± 0.0244^ab^1.9026 ± 0.0885^c^2.2322 ± 0.0797^d^A, Clear water control group; B, PDB group; C, PDB control group (without bacteria solution); D, four kinds of trace elements + PDB control group (without bacterial liquid); E, four kinds of trace element compound + PDB Group; F, four kinds of trace elements compound + wheat soybean meal group (lowercase letters indicate that *P *\< 0.05 to reach significant levels)

Effects of four trace elements on Pp-7250 colonization and rhizosphere bacterial community {#Sec15}
------------------------------------------------------------------------------------------

The key to play a stable role in biocontrol bacteria is to successfully colonize the plant surface, body and plant rhizosphere soil, and its colonization ability determines the size of its role. *Paenibacillus polymyxa* is one of the dominant populations of plant rhizosphere soil and has strong anti-stress and disease-resistance ability. Whether it can be successfully colonized on the surface of plants, in vivo and plant rhizosphere soil of plants determines its control effect. This study found that Pp-7250 could effectively colonized the roots, leaves and root surface soil of ginseng. Under the conditions of culture of four trace elements + bacteria solution + wheat soybean meal group, the highest colonization amounts of *Paenibacillus polymyxa* in the roots, leaves, and root surface soil were 6.69 × 10^6^ CFU/g, 5.20 × 10^6^ CFU/g, and 10.7 × 10^6^ CFU/g, respectively; Compared with the PDB group, the amount of colonization increased by 63.98%, 39.81%, 29.44% (Fig. [6](#Fig6){ref-type="fig"}).Fig. 6Effect of trace elements on the colonization of Pp-7250 in ginseng roots, leaves and rhizosphere soil

The composition of soil bacteria microorganisms is an important part of the rhizosphere soil microecosystem, and its composition and activity are important for the maintenance and transformation of soil fertility. In this study, strains with different colony morphology were isolated from ginseng rhizosphere soil, according to the observation of colony morphology and PCR amplification technology, the sequences obtained were compared by BLAST. The biological classification status of each strain was determined. They were *Bacillus amyloliquefaciens*, *Bacillus mycoides*, *Chryseobacterium soldanellicola*, *Bacillus subtilis*, *Lysinibacillus*, *Bacillus cereus* and *Paenibacillus polymyxa.* The experimental study showed that the four kinds of trace elements compound plus wheat soybean meal group bacteria liquid promoted the number of probiotics *Paenibacillus polymyxa*, *Bacillus amyloliquefaciens*, *Lysinibacillus* and *Bacillus mycoides.* The inhibition of *Bacillus subtilis*, *Bacillus cereus*, and *Bacillus subtilis* in the rhizosphere soil of ginseng was significant (*P *\<0.05) (Fig. [7](#Fig7){ref-type="fig"}).Fig. 7Effect of trace elements on the rhizosphere bacterial community of ginseng

Discussion {#Sec16}
==========

Trace elements are an indispensable nutrient factor for normal metabolism of microorganisms. They are part of the active centers of various enzymes and participate in the synthesis and metabolism of substances in microorganisms. It has an important influence on the stability of biological biomacromolecules and cell structure in microorganisms; it controls the REDOX potential of cells; it can also serve as an energy substance for the proliferation of certain microorganisms. A large number of researchers have found that by adding trace elements, plant diseases can be reduced; the survival conditions of microorganisms can be improved, and their own proliferation can be promoted or their secretion of production-promoting biomass can be increased to promote plant growth; It can affect the ability of microorganisms to convert ginsenosides (Cui et al. [@CR7]; Han et al. [@CR16]; Liu et al. [@CR26]). Findings in this study that the appropriate concentrations of trace elements and their combination are beneficial to the proliferation of *Paenibacillus polymyxa*, and have a certain reference value for the application in the prevention and control of plant diseases. It is suggested that the suitable range of trace elements should be considered in the practical application of *Paenibacillus polymyxa*. With the improvement of modern microbiological industrial production technology system, the development of related microbial action and related products has become a research hotspot. It is closely related to human food safety, living environment and species diversity. *Bacillus* probiotics have become the main content of development in recent years due to its unique form of spores, which has better commercial stability than other probiotics. Due to the urgent need for a large amount of fermentation broth, sufficient samples are prepared to meet the needs of microbial dosage form research and field efficacy trials. Therefore, it is imperative to develop a large-scale culture of *Bacillus* by optimizing the C source and N source culture medium. But in practical applications, *Paenibacillus polymyxa* may not be used immediately after large-scale culture, it will take some time if it is transported to a distant place. With the increase of time, the number, activity, and effect will may be reduced, affecting the subsequent applications. Therefore, the effect of different preservation time on the viable count of *Paenibacillus polymyxa* is determined. Finding that the number of living bacteria of *Paenibacillus polymyxa* cultured in the combination of four trace elements plus wheat pods decreased less with the increase of time. *Paenibacillus polymyxa* is harmless to humans and animals, can produce a variety of antibiotics and enzymes, has a broad-spectrum antibacterial activity and strong anti-stress ability (Tupinamba et al. [@CR54]). Many good traits of *Paenibacillus polymyxa* biocontrol strains have been applied to field control research, not only can promote the growth of crops such as soybeans, rice, cucumber and others, increase their yield, but also show a good biocontrol effect. Therefore, how to ensure the growth state of the bacteria by adding trace elements in the Pre-fermentation and Mid-fermentation to improve the ability of preventing diseases and promoting plant growth of *Paenibacillus polymyxa* Pp-7250 is particularly important. So in this study, the effect of *Paenibacillus polymyxa* on ginseng growth in different treatment groups is investigated by field experiments. Our laboratory has already confirmed the ability of *Paenibacillus polymyxa* to transform ginsenosides. On this basis, four trace elements were added in this experiment. The results are encouraging. All four trace elements promote the transformation of ginsenosides by *Paenibacillus polymyxa*, it is speculated that the activity of glycosyltransferase may be increased due to the appropriate mass concentration of Cu^2+^; Fe^2+^ catalyzes the activity of key enzymes in the process of the glycolysis; Mn^2+^ activates the activity of farnesyl pyrophosphate synthase; Zn^2+^ is related to the expression of key enzyme genes in the synthesis of ginsenosides (Khorolragcha et al. [@CR22]; Wang et al. [@CR56]; Lu et al. [@CR28]; Xing et al. [@CR57]; Jung et al. [@CR21]; Kim et al. [@CR23]). However, the mechanism of its action needs to be further studied. The key to the stability of biocontrol bacteria lies in the successful colonization of plant surface, body and plant rhizosphere soil (Patel et al. [@CR37]; Syed et al. [@CR49]; Thokchom et al. [@CR51]). Due to the influence of external environmental conditions, biocontrol bacteria in competition with the soil indigenous microorganisms is not easy to hold a dominant position in the long-term survival and colonization, which greatly affects their actual disease-preventing effect. Thus, it is of great significance to further explore the colonization characteristics of biocontrol bacteria in the application process and the effect of biocontrol strains on the rhizosphere microbial community of host plants. This experiment mainly focused on the colonization of ginseng roots, stems and leaves, and rhizosphere soils of *Paenibacillus polymyxa* cultured in different treatment groups, and its effect on the ginseng rhizosphere bacterial community. In order to provide theoretical basis and technical guidance for biological control and application development of *Paenibacillus polymyxa* in field. The results of this experiment show that the combination of four trace elements plus wheat soybean meal group bacteria liquid can promote the number of probiotics *Paenibacillus polymyxa*, *Bacillus amyloliquefaciens*, *Bacillus mycoides* and *Lysinibacillus.* It is speculated that there may be symbiotic phenomena among several microorganisms, which can promote each other, grow together, increase crop yield, and effectively resist and control plant diseases and insect pests. However, the quantity of *Bacillus subtilis*, *Bacillus cereus*, *Chryseobacterium soldanellicola* is significantly inhibited in the root soil of ginseng. Speculated that there may be competition, and the demand for nutrition and surrounding environment among microorganism is relatively close. The competition for the living space and nutrients around the roots of plants inhibits the proliferation of microorganisms (Cosme and Wurst [@CR6]; Zhang et al. [@CR62]; Zamioudis and Pieterse [@CR60]; Lou et al. [@CR27]).
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